The objective of this study was to assess the predictive ability of the Triage Risk Stratification Tool (TRST) in identifying older adults at risk of adverse outcomes [return to emergency department (ED), hospitalization, or a composite outcome] within 30 and 120 days following discharge from ED. A systematic search was conducted to identify studies validating the TRST in older adults aged at least 65 years discharged from ED. The methodological quality of selected studies was assessed using the Quality Assessment of Diagnostic Accuracy Studies tool. A score of at least 2 was used to identify high-risk patients.
Background
Demographic trends in the USA suggest that the proportion of adults aged 65 years and older will double in the next 25 years. Similar trends are reported in the UK [1] . This steady increase in the proportion and age of the older population places a higher burden on healthcare systems. Compared with younger adults, older adults use emergency services at a higher rate accounting for between 12 and 21% of all emergency department (ED) admissions. Furthermore, older adults require more resources, and experience higher rates of adverse outcomes after seeking emergency care such as hospitalization, return to ED, functional decline, and death [2] .
Systematic screening of older adults admitted to the ED may facilitate the detection and risk stratification of older adults at risk of adverse outcomes, allowing for targeted comprehensive geriatric assessment [3, 4] . Geriatric interventions have been shown to be more effective when targeted at high-risk groups [5, 6] . The Triage Risk Stratification Tool (TRST) was developed to identify older ED patients at risk for return to ED, hospitalization, or admission to a nursing home within 30 and 120 days following ED discharge [4] . The TRST was originally derived as a six-item clinical prediction rule (CPR), from a two-step process of literature review and expert panel consensus (Table 1) [4] . However, when the TRST was subsequently validated in 647 older adults attending ED in the USA, the item 'lives alone or no available caregiver' was removed from the model as it was negatively associated with the composite adverse outcome (hospitalization, return to ED, or admission to nursing home) [4] . The five-item TRST rule yields a possible score between 0 and 5 (each item scoring 1 if present or 0 if absent). The authors determined that a TRST score of at least 2 identifies patients as high risk for the above adverse outcomes [4] .
Several studies have attempted to validate the TRST as a risk-detection tool since the publication of the study which derived the TRST in 2003. However, the authors of one validation study [7] , which achieved similar results to the derivation study, concluded that the TRST is a poor diagnostic test of adverse outcomes and is not clinically useful, which is in contrast with the positive conclusions made by the authors of the derivation study [4] . Furthermore, a number of studies report conflicting results to the original derivation study [8] [9] [10] . Given these conflicting findings and conclusions, the aim of this study was to perform a comprehensive systematic review and meta-analysis of validation studies of the TRST to determine its predictive ability for identifying older adults at risk of adverse outcomes within 30 and 120 days following ED discharge. Furthermore, a recent multidisciplinary group has identified the assessment of prognostic screening tools, such as the TRST, as a research priority for quality geriatric emergency care [11] .
Materials and methods
This systematic review and meta-analysis was performed according to the principles outlined by the Cochrane Diagnostic Test Accuracy Working Group [12] .
Search strategy
We aimed to identify all studies validating the TRST. A systematic literature search was conducted in July 2012 and included the following search engines: PubMed, EMBASE, EBSCO, CINAHL, and the Cochrane Library. The databases were searched using a combination of the following keywords and MeSH terms: 'triage risk stratification tool', 'TRST', 'hospitalization', 'nursing homes', and 'emergency service, hospital'. This search was supplemented by handsearching references of retrieved articles and searching Google Scholar. No restrictions were placed on language. The original TRST derivation paper was published in 2003 [4] ; therefore, studies published from 2003 to July 2012 were included in our analyses.
Study selection and data extraction
Studies were included if they met the following inclusion criteria: (a) prospective or retrospective cohort study in ED, (b) validated the TRST in older adults discharged from ED, and (c) recorded a subsequent return to ED, hospitalization, or admission to a nursing home, or a composite outcome score. Two reviewers (Z.B., and G.D.) read the titles and/or abstracts of the identified references and eliminated irrelevant studies. Studies that were considered eligible for inclusion were read in full and their suitability for inclusion was independently determined by G.C., Z.B., and G.D. Disagreements were managed by consensus.
Data were extracted on the basis of study setting, patient demographics (age, sex), patient selection, administration of TRST, outcome measures, and length of follow-up. Authors were contacted to provide further information when there was insufficient data provided in the published paper. Author contact was especially valuable for provision of further information in cases where the six-item TRST was studied, rather than the five-item TRST rule, which excluded the item 'lives alone', as per the authors of the original derivation study [4] .
Quality assessment
Quality assessment was independently performed by G.C., Z.B., and G.D., using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool, a validated tool for quality assessment of diagnostic accuracy studies [13] . This tool was modified to ensure that it was applicable to the included validation studies, and included three of the four domains (patient selection, index test, flow, and timing).
Statistical analysis
Stata version 10.1 (StataCorp., College Station, Texas, USA), particularly the metandi commands, was used for all statistical analyses. We constructed 2 Â 2 tables using the recommended cut-point of at least 2 and extracted the number of true positives, false positives, true negatives, and false negatives for the TRST from each of the included validation studies.
We applied the bivariate random effects model to estimate the summary estimates of sensitivity and specificity and their corresponding 95% confidence intervals (CIs), for the composite outcome and each of the individual outcomes at 30 and 120 days follow-up, where possible. This approach was applied as it preserves the two-dimensional nature of the original data and takes into account both study size and heterogeneity beyond chance between studies [14] .
Individual and summary estimates of sensitivity and specificity were plotted in a receiver-operating characteristic (ROC) graph, plotting the rules sensitivity (true positive) on the y-axis against 1 -specificity (false negative) on the x-axis. We also plotted the 95% confidence region and the 95% prediction region around the pooled estimates to illustrate the precision with which the pooled values were estimated (confidence ellipse around the mean value) and to illustrate the amount of between-study variation (prediction ellipse).
We evaluated heterogeneity visually using the summary ROC plots and statistically using the variance of logittransformed sensitivity and specificity, with smaller values indicating less heterogeneity among studies. We used Bayes' theorem to estimate the post-test probability of an adverse outcome, by multiplying the pretest odds by the likelihood ratio, where pretest odds are calculated Emergency department (ED) nurse concern for elder abuse or neglect, substance abuse, medication noncompliance, problems meeting instrumental activities of daily living, or other. by dividing the pretest probability by (1 -pretest probability) and the post-test probability equals posttest odds divided by (1 + post-test odds) [15] . The c statistic, or area under the curve, with 95% CI were also estimated to describe model discrimination. The c statistic ranges from 0.5 (no discrimination) to a theoretical maximum of 1, values between 0.7 and 0.9 represent moderate accuracy and greater than 0.9 represents high accuracy. A c statistic of 1 represents perfect discrimination, whereby scores for all cases are higher than those for all the noncases with no overlap [16] . We carried out sensitivity analysis to explore the potential effects of including studies with a high risk of bias, or those using different definitions of the composite outcome.
Results

Study identification
A flow diagram of the search strategy is presented in Fig. 1 . The search strategy yielded 13 900 papers, of which 13 888 were excluded on the basis of title or abstract. Seven of the remaining 12 articles met our inclusion criteria and were selected for analysis [4, [7] [8] [9] [10] 17, 18] . Table 2 summarizes the characteristics of the included studies. The TRST was derived in the USA [4] , with two validation studies in Canada [7, 17] , one in Beligum [9] , one in Italy [8] , one in the Netherlands [10] , and one in Switzerland [18] . The included studies range in size from 83 [9] to 2057 [8] participants. For the purposes of the meta-analysis, we included the subgroup of patients discharged at the index ED visit from the Italian study (n = 1223) [8] . In addition, authors reporting on the sixitem TRST [8] [9] [10] were asked for additional data relating to the five-item rule to ensure that the analysis was consistent with the final rule as derived by Meldon et al. [4] . Additional unpublished data were made available for all three studies [8] [9] [10] . Definitions of the composite outcome of healthcare utilization varied across studies, two studies defined the composite outcome as a return to the ED and/or hospital admission and/or nursing home placement [4, 7] , three studies defined the composite outcome as a return to the ED and/or hospital admission [9, 17, 18] . One study generated a composite score of poor outcome, which was defined as a return visit to ED and/or hospital admission and/or mortality [10] . To ensure consistency with other studies, additional data were obtained from the author for a composite outcome defined as return visit to the ED and/or hospital admission. Data for the composite outcome at 30 and 120 days were available for seven [4, [7] [8] [9] [10] 17, 18] and four studies [4, 7, 10, 17] , respectively. Data on the individual components at 30 days, return visit to the ED, and hospital admission were available for five studies [4, 7, 8, 10, 17] , additional Flow diagram of studies in the review. unpublished data were provided by three authors to facilitate this analysis [8, 10, 17] . Data on the individual components at 120 days were availabe for four studies [4, 7, 10, 17] , additional unpublished data were provided by two of the authors for this analysis [10, 17] . Data on nursing home placements were only available for two studies at both 30 and 120 days [4, 7] ; therefore, pooled estimates could not be calculated for nursing home placement, as pooled estimates cannot be calculated using the bivariate model with less than four studies.
Study characteristics
Study quality
Summaries of risk of bias and concern for applicability are presented in Fig. 2 . Concern for applicability was considered in terms of external validity, the degree to which results from an original study can be applied in practice. The greatest risk of bias was associated with domain 1, patient selection. One study was assessed as having a high risk of bias, as it selected patients aged 75 years and older who were triaged as nonurgent patients. This resulted in the exclusion of B40% of patients aged 75 years and older admitted to the study ED [18] . The potential for risk of bias in the remaining studies is unclear. For example, one study indicated that the completion of the TRST was primarily determined by the clinical workload of the emergency nurses, this may have resulted in the recruitment of patients who seemed to be at highest risk or lower recruitment during busy periods [17] . Three studies were recruited during daytime hours, excluding those presenting at night [4, 7, 8] . Two other studies sought to interview all eligible patients by telephone, thereby including those presenting out of hours; however, it was unclear what the telephone coverage was for the study areas and whether this may have introduced an additional selection bias. Furthermore, patients with cognitive impairment or other disabilities may not have been able to answer a telephone call [9, 10] . The greatest concern for applicability also related to patient selection, as the universal screening of older adults with the TRST, presenting to ED during the day and night, may yield different results because of a potential spectrum effect.
Diagnostic test accuracy of the Triage Risk Stratification
Tool for an adverse composite outcome (hospital admission or return to emergency department) at 30 and 120 days
The pooled sensitivity, specificity, and the respective variance of the logit-transformed sensitivity and specificity for the composite outcome at 30 and 120 days are presented in Table 3 . The individual and summary estimates of sensitivity and specificity, the 95% confidence region, and 95% prediction region for composite outcomes at 30 and 120 days are also presented in a ROC graph in Figs 3 and 4 . The pooled estimates from all included studies [4, [7] [8] [9] [10] 17, 18] suggest that the TRST has moderate diagnostic accuracy at 30 days with a sensitivity of 0.64 (95% CI 0.53-0.74) and specificity of 0.54 (95% CI 0.43-0.65) ( Table 3 ). Furthermore, the 95% prediction region (amount of variation between studies) is wide for the 30-day composite score (Fig. 2) , as reflected in the values for the variance of logittransformed sensitivity and specificity ( Table 2) . A sensitivity analysis excluding the Swiss study, which was identified as having a high risk of bias [18] , showed a lower level of heterogeneity. Summary estimates were unchanged when we conducted a further sensitivity analysis excluding the two studies, which included nursing home placement in the composite outcome [4, 7] . The pooled specificity increased for a composite outcome at 120 days (0.62, 95% CI 0.57-0.67), with the sensitivity reducing to 0.55 (95% CI 0.51-0.59). There was little heterogeneity across studies at 120 days as reflected in the small values for the variance of logit-transformed sensitivity and specificity (Table 3 ). This can also be seen in the summary ROC curve with narrow confidence and prediction regions (Fig. 4) .
Diagnostic test accuracy of the Triage Risk Stratification Tool for individual outcomes at 30 and 120 days
The pooled sensitivity, specificity, and the respective variance of the logit-transformed sensitivity and specificity for the individual outcomes, ED return, and hospitalization at 30 and 120 days are presented in Table 3 . The individual and summary estimates of sensitivity and specificity, the 95% confidence region, and 95% prediction region for ED return and hospitalization at both timepoints are also presented in a ROC graph in Figs 5 and 6 , respectively. Similar to the previous analysis of composite outcomes, the TRST was found to have moderate diagnostic accuracy for individual outcomes at 30 and 120 days ( Table 3 ). As displayed in Figs 5 and 6 , there was little heterogeneity across studies, which is also reflected in the low values for the variance of logit-transformed sensitivity and specificity (Table 3) . The mean weighted prior probability of a composite outcome was 19% at 30 days and 35% at 120 days and that of ED return was 15% at 30 days and 30% at 120 days, and 9% for hospital admission at 30 days and 18% at 120 days.
Using Bayes' theorem, the post-test probability of a composite or individual outcomes at 30 or 120 days are presented in Table 4 . Most notable, a score of at least 2 on the TRST has a marginally greater increase in the probability of an adverse outcome, individual or composite, at 120 days compared with 30 days. For example, a score of at least 2 increases the pretest probability of an adverse outcome at 30 days from 19 to 26%, compared with an increase from 35 to 44% for 120 days.
Consistent with the moderate values for sensitivity and specificity across the various adverse outcomes at different timepoints, the c statistic is consistently low, falling below the 0.7 threshold (Table 4 ) [16] .
Discussion
Principal findings
The TRST was designed to be a quick and easily assessed risk stratification tool to identify older adults at risk of adverse outcomes. Following their validation of the TRST, Meldon et al. [4] reported that the TRST has been incorporated as a standardized triage assessment in both hospitals assessed. Furthermore, researchers have continued to validate the rule since its derivation in 2003. However, this systematic review and meta-analysis suggests that the TRST has insufficient discriminatory power to be used as a clinical tool for deciding whether an elderly patient presenting with ED is at increased risk of an adverse outcome, with a consistently low c statistic across the different adverse outcomes and timepoints. Furthermore, the positive and negative likelihood ratios indicate limited clinical utility in terms of improved clinical decision-making. Given these results, it is recommended that the TRST should not be used in isolation to identify older adults at risk of ED revisit or hospitalization. The low levels of heterogeneity across studies give us confidence that the pooled estimates identified in this meta-analysis reflect the predictive ability of the five-item TRST in clinical practice.
Context of previous studies
The TRST is one of the most studied screening tools to detect high-risk patients at risk for adverse outcomes after an ED visit [18] . This is the first systematic review and meta-analysis of studies validating the TRST. Several European studies validating the TRST yielded conflicting results [8] [9] [10] from the derivation and other validation studies, which were conducted in the USA and Canada [4, 7, 17] . It has been suggested that these differences occur because of the differences in healthcare systems. For example, in the USA, insurance policies vary and there is no universal primary care or family practice cover. In contrast, most European countries have universal primary care cover, whereby older adults are expected to attend their general practitioner (GP) and the GP decides whether the patient should attend the ED, with the exception of out of hours services and when the patient recognizes their status as an emergency [10] . Therefore, it is plausible that patients attending ED in European countries are more seriously ill as they are prescreened by the GP. However, it is also important to note that the European studies had used the six-item TRST rule [8] [9] [10] . When we obtained additional data for the five-item rule, excluding the item lives alone, the pooled estimates across studies were not subject to heterogeneity, as displayed both graphically and statistically in this paper, suggesting that the performance of the tool is consistant across countries.
A variety of interventions ranging from staff education programmes to comprehensive geriatric assessment and referrals have been developed to improve the transition of older patients from ED to the community [19] [20] [21] . However, the variability in the methodological quality and the methods of implementation and assessment of these interventions has hindered effective comparisons Study estimate Summary point HSROC curve 95% confidence region 95% prediction region Summary receiver-operating characteristic graph with 95% confidence region and 95% prediction region for composite outcome at 120 days (n = 4). between the studies [19] . A two-step screening approach is generally advocated, whereby ED staff use a simple screnning tool to identify at-risk patients. Patients at high risk can then be referred to a clinician for further detailed assessment, discharge planning, and follow-up interventions [2] . However, there is little consensus in the literature on what is the most appropriate screening tool to use at step one. Several CPRs, such as the Identification of Seniors at Risk (ISAR) [22] , the Discharge of Elderly from Emergency Department [23] , and more recently the Silver Code [24] have been developed to identify older ED patients at high risk. The ISAR and the TRST are the most studied tools. This paper focused on the TRST as it is promoted as facilitating a more rapid assessment of patients and therefore potentially more applicable in clinical practice. However, our findings suggest that it does not have sufficient discriminatory power.
Strengths and limitations
Following a systematic search, we identified seven studies validating the TRST. This is the first study to pool the various validation studies to determine the accuracy of the five-item TRST. Data were pooled from six different countries, enhancing the generalizability of the findings. We examined the quality of the studies using the validated QUADAS-2. However, the results of this systematic review should be interpreted in the context of the limitations relating to the original studies.
Although the methodological quality of the included studies was reasonable, it was unclear whether six of the studies avoided selection bias. Furthermore, the majority of validation studies measured return ED visits and hospitalizations in the study hospitals, thereby missing patients attending another hospital that could have led to an underestimate of the actual number of ED visits and hospitalizations recorded [7, 8, 10, 17, 18] . In addition, several studies relied on secondary sources of information such as hospital records and registries, which may have resulted in incomplete data on patient outcomes. Consequently, the reported rates of adverse outcomes in these studies may underestimate the true prevalence in the elderly population. Furthermore, our systematic review focused on healthcare utilization and is unable to comment on the ability of the TRST to predict other outcomes such as mortality, functional decline, or healthrelated quality of life. The use of a composite endpoint is also of limited utility because of the difficulties with clinical interpretation and determining a minimum clinically important difference for future interventions. Finally, this review examined the TRST in isolation and did not consider other screening tools. The provision of optimal assessment and discharge planning for older patients in ED settings is challenging because of the more complex needs of older patients, time pressures, and the need to maintain rapid patient turnover [25] . Risk stratification tools capable of identifying high-risk patients could inform interventions to expedite the admission process, improve patient care, and reduce overcrowding [26] . A triage tool seeks to rule out disease or adverse events, identifying those patients who do not require further testing. To be useful, such tools need relatively high sensitivity [12] . This review has shown that the TRST has only moderate sensitivity and therefore is considered to be of limited clinical utility. However, to make a policy decision regarding the clinical utility of the TRST, it is necessary that it demonstrates greater discriminatory power over other testing options, including current practice or other potential tools [12] . Although the findings of our review suggest that the TRST is of limited clinical utility, it is important to consider that it may be clinically useful if it performs better than a clinician's unaided judgement alone. Summary receiver-operating characteristic graph with 95% confidence region and 95% prediction region for individual outcomes at 120 days (n = 4). (a) ED return at 120 days (n = 4). (b) Hospitalization at 120 days (n = 4). ED, emergency department. Studies comparing the TRST to unaided clinical judgement in ED are therefore warranted [27] . Our systematic review examined clinical value using the traditional cutpoint of at least 2. However, the accuracy of the tool may be improved by using different cut-points to identify 'at-risk' patients. Furthermore, a comparative metaanalysis is warranted to compare the predictive ability of the TRST to other similar CPRs, such as the ISAR or Silver Code, to determine the totality of evidence regarding the clinical utility of CPRs aimed at identifying older patients at risk in ED.
Conclusion
The TRST, a quick and easily assessed risk stratification tool for ED, continues to be validated across various ED settings. However, this systematic review with metaanalysis demonstrates that the TRST rule is limited in its ability to discriminate between those with or without an adverse outcome following discharge from ED and should not be used in isolation as a risk stratification tool.
